The investigation is conducted on the biochemical form and characteristics of wastewater-derived DON in three different WWTPs in Jordan. The main eliminations of DON and biodegradable dissolved organic nitrogen (BDON) noticed along the treatment course are in the Irbid (ITP). Dissolved combined amino acids (DCAA) and dissolved free amino acids (DFAA) in the outlet accounted for less than 4% of the outlet DON of all plants. The DON from the outlet was composed of 90% hydrophilic compounds which stimulate algal growth. The study provided information for future improvement of WWTPs of Jordan and for adjusting the assortment of DON elimination systems to comply with stricter limits. RÉSUMÉ: Caractéristiques de l'azote organique dissous dans les usines municipales de traitement des eaux usées par enlèvement biologique de l'azote en Jordanie.
INTRODUCTION
Pollution is one of the main human negative impact on water qality (Sandu et al., 2008; Yildiz et al., 2010; Akkoz, 2016 ; Al-Rufaie, 2016; Khoshnood, 2017) . The most significant source of anthropogenic nitrogen to surface waters is the domestic wastewater runoff that also has distinct effects on the water quality, especially in effluent-dominated waters (Pagilla et al., 2008; Bronk et al., 2010; Liu et al., 2012; Huo et al., 2013) . Biological enhanced nitrogen removal (BENR) processes that eliminate most of the dissolved inorganic nitrogen are widely used in the domestic wastewater treatment to decrease cultural eutrophication of the reception waters (Czerwionka et al., 2012) . The dissolved organic nitrogen (DON) is one of the remaining fractions of nitrogen in the outlet of the effective BENR process that influence the surface water (Pagilla et al., 2006; Liu et al., 2012) Previous studies showed that algae and plankton are sensitive to the bio available DON The present study aimed to get more information on wastewater-derived DON in wastewater treatment plants and to assess the concentrations of amino acids in wastewaters without sample pre-concentrating. We measured the concentration and removal percentage of both forms of amino acids (DFAA and DCAA) at dissolved organic nitrogen and bio available dissolved organic nitrogen in triggered sludge and trickling filter wastewater from treatment processes.
MATERIAL AND METHODS

Sample sources
Samples were obtained from three different treatment plants effluent, which are Al-Zarqa (ZTP), Irbid (ITP), and al Mafraq (MTP) (Fig. 1 ). The selected plants treat about 90% of the domestic wastewater in Jordan and serve more than two million inhabitants (Bataineh et al., 2002) ; the treatment process is in table 1. All plants must adhere to discharge limits for biochemical oxygen demand (BOD) and ammonia (based on the receiving river flow rate) but are not subject to any total nitrogen or total phosphorus limits.
Collection and preparation
The samples are from the wastewater treatment plants collected on three different dates, specifically February, April and June of 2015. All samples were collected in polyethylene containers (acid-washed and rinsed with ultrapure water) (Mill-Q, Millipore Corp. USA), then delivered to the laboratory on ice, filtered through 0.45μm cellulose acetate membranes upon arrival, and stored at 4°C in the dark according to Huo et al. (2013) .
DFAA and DCAA determination procedures
To prevent contamination by laboratory controls, pre-cleaned glassware, which include filters, were used in all laboratory work. The glassware was prepared by washing in alkaline detergent, placing in 1N HCl overnight followed by rinsing with organic free water obtained with distilled water and then heating in an oven at 110 ºC for 10 to 12 h according to Wedyan and his colleagues (Wedyan et al., 2008) . To identify the amino acids in rainwater, samples filter through 0.45 μm cellulose acetate filters then are kept at 5°C until analysis. All samples are run in triplicates.
The amino acids in the samples are separated into the following fractions (i) the dissolved free amino acids (DFAA) (i.e. those uncombined amino acids directly extractable into water), (ii) the dissolved hydrolysable amino acids (DHAA) (i.e. those combined amino acids directly extractable into water and released by hydrolysis), (iii) total dissolved amino acids (DTAA = DFAA -DHAA).
The recovery of 14 individual amino acids spiked into water prior to the hydrolysis step ranged between 92.1 and 99.3%. All analyses were carried out in triplicate for each sample according to Huo et al. (2013) modified the high amplitude.
RESULTS AND DISCUSSION
The variations of DON in each plant were studied in previous work and presented in table 2 (Wedyan et al., 2016) . The DFAA and DCAA concentration measurements are from different locations in the studied WWTPs (Fig. 3) . The DFAA concentration ranged from 0.011 to 0.071 µl/ml in the inlet, and from 0.0018 to 0.06 µl/ml in the outlet, whereas the concentration of DCAA ranged from 0.038 to 4.85 µl/ml in the inlet, and from 0.038 to 0.77 µl/ml in the outlet. It was also found that the concentration of DFAA in ZTP, ITP and MTP inlets were 0.73 ± 0.015, 0.71 ± 0.014 and 0.72 ± 0.015 µl/ml respectively. In contrast, the concentration of DCAA in ZTP, ITP and MTP inlets were 4.67 ± 0.97, 6.67 ± 1.06 and 5.08 ± 0.58 µl/ml respectively. To compare this with the outlets treated wastewater it was found that the concentration of DFAA in ZTP, ITP and MTP were 0.33 ± 0.15, 0.31 ± 0.14 and 0.39 ± 0.21 µl/ml respectively, and the concentration of DCAA in ZTP, ITP and MTP were 2.28 ± 0.1, 2.45 ± 0.14 and 2.95 ± 0.18 µl/ml respectively. The DCAA concentration differs by an average of 18% over the course of treatment between the different plants, whereas the DFAA differs by an average of 1.4% only. The removal ratios of DFAA varied between plants with values of around 56% at ZTP, 52% at ITP and 45% at MTP, and that seems to depend on the treatment used. The removal ratios of DCAA were varied between plants as well with values of around 51% at ZTP, 63% at ITP and 42% at MTP.
The concentrations of DFAA and DCAA in the inlets of all WWTPs were within ranges reported in previous studies (Parkin and McCarty, 1981 While most of the wastewater-derived DON cannot be recognized with accessible methods (∼ 70%) (Pehlivanoglu-Mantas and Sedlak, 2008), DON can be categorized by its molecular weight (MW). Pagilla and his colleagues (2008) suggested that the low molecular weight DON fractions with less than one kDa are urea, amino acids, DNA, peptides and various artificial compounds and that the DON group with more than one kDa are composed of fulvic acids and humic substances. Biological nitrogen removal processes, for example, the activated sludge process, have been viewed as successful in expelling low sub-atomic weight DON, while high MW DON is viewed as recalcitrant to this sort of treatment (Dignac et al., 2000; Pagilla et al., 2008) . However, the results of DON molecular weight distributions at the three studied WWTPs and in this study indicated that about half of the DON can go through a one kDa ultra filter, and low MW DON cannot successfully be detached by the biological nitrogen removal processes or the membrane biological removing process (MBR). Shon et al. (2005) found that microfiltration or nanofiltration may not be very good in eliminating wastewater-derived DON due to the polluting problems often met in micro and/or nanofiltration. This research highlight that the low MW DON fractions probable appeared concurrently with the biological treatment. This research also found that the DON concentrations raised in the oxic zone as explained above. Consequently, the conditions and processes responsible for low MW DON production need additional studies. Suitable operating conditions or treatment processes should be employed to decrease effluent low molecular weight DON to inferior levels.
Hydrophobicity of outlet
The estimated outlet percentage of DON was separated into hydrophobic and hydrophilic fractions. The overall recovery of DON in the two fractions ranged from 91.3% to 97%, with an average of 94.7 ± 0.9%. The hydrophobic DON accounted for an average of 1.11 ± 0.01% of the total DON in the outlet samples of ZTP (Fig. 4) , and an average of 1.07 ± 0.02% of the total DON in the outlet samples of ITP ( Fig. 4) and an average of 0.88 ± 0.02% of the total DON in the outlet samples of MTP. The results of this study found that most DON fractions were hydrophobic compounds, which was similar to the previous studies. (Pehlivanoglu-Mantas and Sedlak, 2008; Liu et al., 2012) All the studies proposed that the hydrophobic fractions would be much more easily removed by adsorption of activated sludge in the biological treatment systems, while the hydrophilic compounds have a low attraction for the surfaces of organic particles (Pehlivanoglu-Mantas and Sedlak, 2008). Furthermore, the C:N ratios of the hydrophobic fraction and hydrophilic fraction were 11.4 ± 0.2, 15.7 ± 2.3 and 11.8 ± 0.9 in this study. The hydrophilic fractions have low C:N ratios representative the presence of amino acids and proteins, which result in N-rich hydrophilic fractions. (Leenheer et al., 2007) Some studies suggested that bioavailability of hydrophobic and hydrophilic DON by the algal bioassay tests, the results showed that hydrophilic DON, which accounted for around 80% of the waste DON, encouraged algal growth, whereas the remaining DON as hydrophobic DON had no effect on algal growth during a 14-day incubation period Liu et al. (2012) . Thus, the hydrophobic DON may be measured to eliminate from the outlet total nitrogen principles, while hydrophilic DON in wastewater treatment plants with different biological nutrient removal (BNR) processes might be compact by using alternative biological treatment systems such as reverse osmosis, activated carbon adsorption (Krasner et al., 2009 ). 
CONCLUSIONS
This research supply a valuable image of the occurrence and treatment of DON in WWTPs. The dominant removal fractions of DON and biodegradable dissolved organic nitrogen (BDON) along the treatment progress were noticed in the Irbid (ITP). Dissolved combined amino acids (DCAA) and dissolved free amino acids (DFAA) in the outlet accounted approximately for less than 4% of the outlet DON of all plants. Over 90% of outlet DON was composed of hydrophilic compounds which provoke algal growth. The research offer important data for planned improving of WWTPs of the studied area and for the preference of DON removal systems to meet greater demanding nitrogen discharge limits.
